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SEIO-ANNUAL STATUS EEPOKT 

NASA Grant NGR 05>002>160 

Space Radiation Laboratory (SRL) 
California butitute of Technology 

1 April 19B2 * 30 September 1962 


This report covers the researdi activities in Cosmic Rays, Gamma Rays, 
and Astrophysical Plasmas si^iported under NASA Grant NGR 05-002-160. 
The report is divided into sections which describe the activities, followed by a 
bibliography. 

This group's research program is directed toward the investigation of the 
astrophysical aspects of cosmic radiation and of the radiation and elec- 
tromagnetic field envixtmment of the Earth and other planets. We cany out 
th^w investigations by means of energetic particle and photon detector sys- 
tems flown on ^cecrsdt and balloons. 


1. Coamic Rayn and Aat r op hy s i cal Flasmaa 

This research program is directed toward the investigation of galactic, 
solar, interplanetary, and planetary energetic particles and plasmas. The 
emphasis is on precision naeasurements with high resolution in charge, mass, 
and energy. The main efforts of this group, which are supported partially or 
fuUy by thl« grant, have been directed toward the following two categories of 
experiments. 

1.1. Activities in Support of or in PirqMratiim for S^Mcecraft E a p eri- 
ments 

These activities generally embrace prototypes of experiments on existing 
or future NASA spacecraft or they complement and/or support such observa- 
tions. 

1.1.1. The Sgh Energy Isotope ^wctrometer Telescope (iuasfi' 2) 

HElST-2 is a large area (0.25 m^sr) balloon borne isotope spectrometer 
designed to make high-resolution measurements of isotopes in the element 
range from neon to nickel (10 s; Z ^ 28) at energies of abmt 3 GeV/nucleon. 
The instrument consists of a stack of 12 NaI(Tl) scintillators, two Cerenkov 
counters, and two plastic scintillators, and S^. Each of the 2-cm thick Nal 
disks is viewed by six 1.5-inch photox^tiplimw whose combmed outputs 
measure the eneigy deposition in that layer. In addition, the six outputs 
^m each disk are compared to determine the position at shich incident 
nuclei traverse each layer to an accuracy of ~2 mm The Cerenkov counters, 
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iriiich zneaiure velocity, are each viewed by twelve 5*inch photomult^liere 
uahig light integration boxes. 

HEIiJT-2 determines the mass of individual nuclei by mMsiiring both the 
change in the Lorentz factor (hy) that results from traversing the Nal st^k. 
and the eneigy loss (4E) in the stack. Since the toial energy of an isotope is 
given by E = yll, the mass li can be determined by M s dE/Ay. The instru- 
ment is designed u> achieve a typical mass resolution of 0.2 amu. 

Uajor components, including the aerog*sl array, are integrated into a 
form close to flight conflguration. These conqKments will be tested and cali- 
brated on a beam of relativistic alb at the Flewjbc in November. It is antici- 
pated that the experiment will be flown from Palestine dming the spring 1063 
high-altitude-wind turnaround. 


IJL E ap e s ' iin entnonNASAS^iesiecrBft 

The SRAT grant program of the Space Radiation Laboratory is 
strengthened by and cont^utes to the other programs described here. 
Activities related to these prt^;rafflB are primarily funded by mission-related 
contracts but grant funds are used to provide a general support base and the 
faciUties idiich make these programs possible. 

f JS.1. An Peetr on/lsDtope l^ec tr ometer (ElS) lanmnlifMi on DiP-7 on 22 
September 1972 and on on 20 October 1873 

This exj^riment is designed to measure the eneigy ^ectra of electrons 
and positrons (0.16 to ~6 UeV). and the differential energy spectra of the nu- 
clear isotopes of hydrogen, helium, lithium, and beiyllium (~2 to 50 
lleV/nucleon). In ad(iUtion. it provides n\easuren»nts of the fluxes of the iso- 
toprs of carbon, nitrogen, and oxygen from ~5 to ~15 MeV/nucleon. The 
measurements fram this experiment support studies of the origin, propaga- 
tion. and solar modulation of galactic cosmic rays; the acceleration and pro- 
pagation of solar flare particles; and the origin and transport of energetic 
magnetospheric particles observed in the plasma sheet, adjacent to the mag- 
netopause, and upstream of the bow shock. 

The extensive EIS data set has been utilized in conqirehensive studies of 
solar, interplanetary, and magnetospheric processes. Correlative studies 
have involved data from other DIP investigations and from other spacecraft, 
as well as direct conq)ariaon8 of EIS data from DIP-7 and DiP-6. These stu- 
dies have resulted in the following recent talks and papers: 

• “Plasma Pehavior During Energetic Electrons Streaming Events: 

Further Evii. mce for Substorm Associated Magnetic Reconnection." J. 

¥. Bieber et aL. Otaphys. As. Ltrs. 9, 664-667 (1982 ). 

* “Reconnection - AsTOciated Eneigization of Plasma Sheet Electrons." 

J. W. Bieber et aL, EOS 7hnu. AGU 93, 416 (1982). 
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IJLZ. An bieratnllnr Bny and Flanetasy HagnatMphnm Eqwffiueni 

lor tlieyofnfar Wwimia Laimdiod in 1977. 

This expeziment is conducted by this group in collaboration with F. B. 
McDonald, J. R Trainor, and A. W. Scbardt (Goddard Space F^ht Center), W. 
R Webber (University of New Hampshire), and J. R Jokipii (University of Arizo- 
na). and has been designated the Cosrdc Ray Subqrstem (CRS) for the Voy- 
ager lihssions. The escperiment u designed to measure the energy spectra, 
elemental and (for lighter elements) isotopic composition, and streaming pat- 
terns of cosmic-ray nuclei from H to Fe over an energy range of 0.5 to 500 
HeV /nucleon and the energy spectra of electrons with 3 - 100 MeV. These 
measurements will be of particidar importance to studies of stellar nu- 
cleosynthesis, and of the origin, acceleration, and interstellar propagation of 
cosmic ra^. Measurements of the energy spectra and composition of ener- 
getic particles trapped in the magnetospheres of the outer planets are used 
to study their origin and relationship to other physical phenomena and 
parameters of those planets. Measurements of the intensity and directional 
characteristics of solar and galactic energetic particles as a function of the 
heliocentric distance will be used for tn situ studies of the interplanetary 
medium and its boimdaiy with the interstellar medium. Measurements of 
solar energetic pardcles are crucial to understanding solar con^sition and 
solar acceleration processes. 

The CRS flight units on both Voyager spacecraft have been operating suc- 
cessfully since the launches on August 20. 1977 and September 5, 1977. The 
CRS team participated in the Voyager 1 and 2 Jupiter encounter operations in 
March and July 1979, and in the Voyager 1 and c Saturn encounters in No- 
vember 1980 and August 1961. The Voyager data represent an immense and 
diverse data base, and a number of scientific problems are under analysis. 
These investigation topics range from the study of galactic particles to parti- 
cle acceleration phenomena in the interplanetary medium, to plasma /field 
energetic particle interactions, to acceleration processes on the sun, to stu- 
dies of elemental abundances of solar, planetary, interplanetary, and galactic 
energetic particles, and to studies of particle /field /satellite interactions in 
the magnetospheres of JuplUT and Satuum. 

The following publications and papers for scientific meetings, based on 
Voyager data, were generated: 

• E. C, Stone, “The Voyager Encounter with Uranus,” , 275-291 in 
Uranus and Ouisr Plansts, ed. G. Himt, Cambridge University Press, 
Cambridge, England (1982 ). 

• “An Analysis of the Structure of Saturn’s Magnetic Field Using 
Charged Particle Absorption Signatures.” D. L Chenette and L Davis, 
Jr.. / Gsophys. As. 87, 5267-5274 (1962 ). 

• “An Analysis of the Structure of Saturn’s Magnetic Field Usu^ 
Charged Particle Absorption Signatures," D. L Chenette and L. Davis, 
Jr.. Talk given at Tucson Saturn Conference, 1982, Tucson, Arizona. 

• • **The Con 4 >anions of Mimas: Charged Particle Absorption Signatures 

and a Conq>arison with Recent Imaging Discoveries.,” D. L Chenette et 
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al. Talk givan at Tucaon Saturn Conferenca, 1962, Tucson, Arizona. 

• “Voyager Observations of Saturn’s Rings: An Overview,’* E. C. Stone. In- 
vited given at IA.U, CcUoquiumNo. 75, 1962, Toulouse, France. 

• ’^Voyager Observations of the Uranian Rings: A Preview.’’ E. C. Stone, 
Invited talk given at IJLU., CoUoquim No. 75. 1982« Toidouse, France. 


1SL3, A Tfcwrvy boU^e ^ectraneter Teleaoape (BESH T^aunched on ESB-3 in 
Anguet 1978 

HIST is designed to measure the isotope abundances and energy spectra 
of solar and galactic cosmic rays for all elements from lithium to nickel (3 ^ 
Z SE 26) over an energy range from Mveral MeV/nucleon to several hundred 
lieV/nucleon. Such measurements are of inq>ortance to the study of the iso- 
topic constitution of solar matter and of cosmic ray sources, the study of nu- 
cleosynthesis, questions of solar-system origin, stud:ies of acceleration 
processes and studies of the life history of cosmic rays in the galaxy. 

HIST was successfully launched on ISEE-3 and provided high resolution 
measurements of solar and galactic cosmic ray isotopes until December 1976, 
idien a component failure reduced its isotope resolution capability. Since 
that time, the instrument has been operating as an element spectrometer for 
solar flare and interplanetary particle studies. 

Diiring the past six months J. D. Spalding completed his Ph.D. thesis on 
the isotopic composition of heavy nuclei observed during the 9/23/76 solar 
flare. 

This study, and our work on galactic cosmic ray isotopes, has resulted in the 
following recent talks and papers. 

• “Isotopic Studies of Heavy Nuclei in the 9/23/78 Solar Flare Event,” R. 
A. Mevaldt et al.. BuU. Am. Fhys. Soc. 27. 571 (1962). 

• “Samples of the Milky Way,” R. A. Mewaldt et al.. Scientific Amarican 
247, 100-109 (1962). 

• “Isotopic Anomalies in Galactic Cosmic Rays.” R. A. Mewaldt, Bdl. Am. 
Awtron. Soc. 14, 645 (1982). 

• “The Elemental and Isotopic Composition of Galactic Cosmic Ray Nu- 
clei,” R A Mewaldt, Arv. Gaophyn. ^aca Phys. (1962 in press). 

• “The Isotopic Composition of Energetic Particles Emitted from a Large 
Solar Flare,” J. D. Spalding, Ph.D Thesis, California Institute of Technol- 
ogy (1982). 
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1 JB.4. A Nuelil (HNE) LiurndMid on HRACH: in St^tomlwr 

1879 

The Heavy Nuclei Experiment ie a joint experinient involving ihii group 
and 11. H. larael J. KUrmann. W. R Binna (Washington University) and C. J. 
Waddington (University of Uiimesota). BNE is designed to measure the ele- 
mental abundances of relativistic high-Z cosmic ray nuclei (17 as Z ^ 130). 
The results of such measurements are of significance to the studies of nu- 
cleosynthesiB and stellar structures, the existence of extreme transuranic 
nuclei, the origin of cosmic rays, and the physical properties of the interstel- 
lar medium. was successfully launched on HEAO-3 and operated until 
gyro failure in late May 1961. 

A paper dealing with the ratio of the s-proceas elements oo& and M^a to 
the r-process elements asTe and is ready for submission. This paper will 
show that this charge region, like the 30-42 region and the actinides, is not 
dominated by r-proceaa nuclei. A more detailed analysis of this result will be 
the topic of a doctoral thesia by K. E. I0Y>mbel. 

Preparatioiu for a calibration of the HEAD HNE DVU (davsiopment unit) 
at the Lawrence Berkeley Lab Bevelac have been largely completed. The SRL 
will furnish its PACE data acquisition system to the collaborative effort. The 
SRL will also take the lead in analysis of the data after the calibration, as it 
has with flight data. 

The following talks and papers have been presented recently: 

• "The Abundance of the Actinides in the Cosmic Radiation as Measured 
on HEAO-3." W. R. Binna et aL. Ap. J. (Utt.) 281. LI 17-L120 (1982 ). 

• "Abundances of Cosmic Ray Sn. Te. Xe, and Ba Nuclei." E. C. Stone et 
al.. Ml. Am. Riys. Sbe. 27. 534 (1962). 

• **The Abundance of the Actinides in the Cosmic Radiation as Measured 
on HEAO-3." C. J. Waddington et al.. Bull. Am. Phys. Sbc. 27. 534 (1962). 

• "Secondary /Primary Ratios in Ultraheavy Cosmic Rays Meaaxired on 
HEAO-3." W. R. Binns et al. BuU. Am Phys. 5bc. 27. 534 (1962). 


Iu3.5. A MagneUmieter Experiment on Pioneer 11 

The Pioneer 1 1 Vector Helium Magnetometer Experiment is a joint inves- 
tigation involving several research centers, with E. J. Smith (JPI) as Principal 
Investigator. Leverett Davis. Jr. (SRL) is the Caltech Co-Investigator on the 
experiment. A careful reanalysis of the magnetometer data inside 6 Satiirn 
radii shows that the field is predominantly axisymmetric and that the dipole, 
qxiadrupole. and octupole terms are required for its accurate description. 
Non-axial dipole terms are definitely present but they are very small and may 
be ignored for most purposes. 
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2. GanmaR^fs 

This research prograjn is directed toward the investigation of galactic 
solar gamma rays with spectrometers of high resolution in both energy 
and angle carried on spacecraft and balloons. The main efforts of the group, 
which are supported partially or fully by this grant, have been directed to* 
ward the following two categories of experiments. 

2.1. ActiviUea in Sappwt of a* in Preparation for [Spacecraft Ezpen’ 
manta 

These activities generally embrace prototypes of experiments on existing 
or future NASA spacecraft and they conplement and/or support such obser- 
vations. 


2.1.1. GananarRaylmining Program 

The development of gamma-ray detectors with high a n gula r resolution 
•nd imm in£ capability is being vigorously pursued. During the time period of 
this report the initial laboratory simulation of coded aperture systems, which 
had begun early in 1982, was conpleted, hardware development was begun on 
an imaging Nal gamma-ray telescope for balloon exposure, and plans were 
formulated and proposed for a joint effort with the Jet Propulsion Laboratory 
in high resolution imaging gamma-ray astronomy. 

a) Laboratory testa of codedraperture imaging 

To teat coded-aperture iimg taig using the hexagonal uniformly redun- 
dant arrays developed in our laboratory, we employed a 12" diameter, 
1/2" thick Nal plate configured as an Anger camera with nineteen 2" pho- 
tomultiplier tubes. A resolution of 4.5 mm FWHM was obtained with a beam 
of 122 keV (stCo) gamma-rays. 

The tests confirmed our predictions of the capabilities of coded aper- 
ture imuj ing and Verified our analytic and Monte Carlo calculations of 
detector and mask performance. This gives us confidence in extrapolating 
our calculations to other detector /mask configurations such as those to 
be employed in tie ima ging gamma-ray telescope balloon experiment 
described below. Specifically, the laboratory tests demonstrated the fol- 
lowing capabilities: imaging eith a stationary hexagonal uniformly redun- 
dant array mask, iiriaging with a rotating mask, imaging of a field of view 
with multiple point sources, detection and localization of sources in a low 
signal-to-noise condition, and imag ing of a weak point source in the pres- 
ence of a strong point source. 

b) Hardware development for an imaging gamma-ray telescope balloon ex- 
periment 

Building on the experience gained in the laboratory simulations of 
coded aperture imaging, we have begun hardware implementation of an 
imaging gamma -ray telescope for balloon exposures. This Instrument will 
use as its primary sensor a 16" diameter, 2" thick Nal crystal operated as 
an Anger camera viewed by nineteen 3" photomultiplier tubes. It will be 
surrounded by a shield consisting of a second identical Nal plate directly 
behind the priznuy Nal detector amd 12 plastic scintillator modules sur- 




rounding th« primary detector on the eidee. 

During the period covered in thia report the diznenaioni of the two Nal 
detectors were fixed and the Anger camera with its complement of pho- 
tmmiltiplier tubes was designed and procured. Design work was also ?ni* 
tiated on the plastic scinUUator shield and the signal processing electron- 
ics for the Nal detectors. Ground support electronics configured around a 
central PDP 11/24 processor were designed and procured during this 
period using CTT funds. Our goal is to have a functioning shield, detector, 
and signal processing s>-!stem early in the second quarter of 1983. 

c) High resolution gamma-ray imaging program 

For the purpose of developing gamma-ray telescopes with both high 
angular and energy resolution, we have joined with the Ifigh Energy Astro- 
ph3Tsica Group of the Jet Propulsion Laboratory to propoK a progmm in 
high resolution gamnoa-ray spectroscopy. This progrtm will be evolution- 
ary in nature, leading to the development of an imagiig gamma-ray tels- 
acope employing segmented, position sensitive Ge detectors and a hexago- 
nal coded aperture mask, llie program was proposed to NASA OSSA in Au- 
gust 1962. 

2.1J2. Dete c t o r Te chno l o gy Investigation 

In addition to our laboratory studies of Nal Anger camera detectors, we 
also completed an initial study of mercuric iodide (Hgk) detectors using two 
dimensional pulse processing techniques. Significant progress was made in 
enhancing the energy reyolution of Hgl| devices. Typical reductions of a fac- 
tor of 3-5 in FWHH resolution were achieved at 662 keV. A beat case resolu- 
tion of 4X FWHM was obtained at this energy, which is better than that of a 
typiced Nal detector (7-8!%). There remain however barriers to further im- 
provement in energy resolution for these devices as irell as limits to the 
effective useful thickness. The Hgl| studies were carried out under the JPL 
Director’s Discretionary Fund in collaboration with JPL and EG&G of Santa 
Barbara. 

2JL Exp e riment a on NASA [Spacecraft 

2JLI, HEAD C-1 GananarRay ISpMiroiiieter 

During the time period covered in thia report, work was conq>leted on a 
data anahrsis project involving data from the HEAD C-1 experiment carried 
out under the HEAO Guest bvestigator Program Thia project involved a 
search for gamma-ray lines from the Virgo Cluster of gal^es, in particular 
the lines at 0.847 and 1.238 UeV resulting from the decay chain of NP* to Fe”* 
via Co*. Such emission is thought to occur in Type I supernova ejecta at ear- 
ly tiroes. As part of this investigation, a new analysis method for HEAO C-1 
data was investigated iriiich invdved the use of coincident even ts in multqile 
detectors to increase the signal to noise ratio of the san^le of data for ener- 
gies near 1 UeV. No significant ennssl’m ims found and a 3 o upper limit of 
6x10’^ ph/cm2 s was placed on a 0.847 MeV line having a width less than or 
equal to 25 keV. The HEAO analirsis work was carried out in collaboration 
with the High Energy Astrophysics group at the Jet Propulsion Laboratory 
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imdar the direction of Allan Jacobiim, Pirindpal Invefti^ator on the HEAD C* i 
experiment. 


SJSJS, SabarMnbaimWmkmSfmemantt 

The Solar Maximum Mieiion (SUM) spacecraft was launched in March 
1980 to obsexwe the sun at a wariety of wayelengths On board was a 
gamma-ray spectrometer employing seven Nal detectors to measure the 
gamma-ray spectra of solar Urns from 0.3 tn 100 MeV and to detect solar en- 
ergetic neutrons. The principal investigato: on the experiment is Prof. Ed- 
ward Chupp of the University of New Hanq>shire. 

Following up earlier work by our group on 2.22 MeV emiasion £rom neu- 
tron capture on hydrogen in solar flax^ as observed by the HEAO C-1 space- 
craft, a collaborative effort was undertaken with the University of New 
Hampshire to study in detail the 2.22 MeV emission from a number of flares 
observed by the SMM spacecraft during the period 1630-1982. Of parUcidar 
intere^was an extremely intense solar flare on 3 June 1982 which yielded 
over IGT 2.22 MeV line photons and provided a statistically well ddlned time 
history extending over more than 1000 seconds. Prelimina^ results indicate 
that the decay time of 2.22 MeV emission is consistent with a value of 100 
seconds. Work is continuing on the 3 June 1962 flare and a number of other 
solar gamma-ray flares. 

3. OUier AetivitiBs 

A. Buffington is serving as chairman of the APS Division of Cosmic Ph>" 
sics. 

E. C. Stone continues to serve as NASA's Project Scientist for the Voyager 
Mission. He is also a member of the Space Science Board, of the High Energy 
Astrophysics Management Operations Working Group, and of the Cosmic Ray 
Program Working Group. He is ciixrently a member of the Division for Plane- 
tary Sciences Committee of the American Astronomical Society. 

T. A. Prince has been awarded Caltech's R. A. Millikan FeUowship for the 
two-year period 1961 and 1962. 
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